Pezdek reported life-span differences in integration of semantically related pictures and sentences in memory. In this earlier study, sixth-grade and high school subjects spontaneously integrated information across modalities, but third graders and adults over 65 did not integrate this information. The present study extends these findings and tests the hypothesis that the 8-sec presentation rate in the previous study was not sufficient to allow the young children and older adults to perform integration processes in memory. The results were that third graders and older adults (63-78 years) did not integrate pictures and sentences that were presented individually at ah 8-sec rate. However, when the presentation rate was increased to 15 sec per item, cross-modality integration resulted. The , favored interpretation of this result is that the slower presentation rate was necessary for these subjects to actively rehearse different items together, and that this rehearsal strategy is necessary for integration of information in memory. This study clarifies cognitive processing differences at different points in the life span.
Research in the area of memory and comprehension has increasingly focused upon constructive memory processes (cf. Pezdek, 1980a ). An important aspect of constructive memory is the ability to integrate semantically relevant information in memory. Semantic integration and other constructive processes have provided an important framework for investigating developmental changes in comprehension and memory (cf. Paris & Lindauer, 1977) . This is due to the focus in this line of research on mediational processes and functional memory operations known to vary developmentally.
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formation presented in sentences. Pezdek (1980b) reported a life-span developmental change in cross-modality semantic integration. In this study, the results of older children (11 years) and younger adults (17 years) evidenced integration in memory of semantically related information presented partly as pictures and partly as sentences. This is consistent with results reported by Pezdek (1977) with college-age subjects. However, younger children (8 years) and older adults (66 years) showed no evidence of spontaneous, cross-modality semantic integration.
The purpose of the present study is to further examine the life-span differences in cross-modality integration reported by Pezdek (1980b) and test one hypothesis for this result. This hypothesis is that the younger children and older adults did not integrate semantically related items because the 8-sec presentation rate was not sufficient time for the memory integration process by these subjects; the 8-sec presentation rate apparently was adequate for integration by the older children and younger adults. This hypothesis assumes that 8-year old children and adults over 65 years old can semantically integrate related ideas in memory, but that they require more time for this cognitive process than do older children and younger adults.
The assumption that young children and older adults can integrate semantically related ideas in memory is consistent with a number of previous studies. Young children's semantic integration ability has been reported (a) in a Bransford and Franks (1971) paradigm with sentences (Paris & Carter, 1973) , (b) using verbal discourse with free recall (Barclay & Reid, 1974) as well as cued recall (Paris & Lindauer, 1976) , and (c) with verbal and pictorial materials using recognition procedures with each modality tested separately (Brown, 1976; Paris & Mahoney, 1974) . Similarly, Walsh and Baldwin (1977) utilized a Bransford and Franks (1971) paradigm and reported that older adults (mean age, 67 years) and younger adults (19 years) did not significantly differ in the degree to which they integrated sentences in memory. However, none of these studies tested cross-modality integration.
The cross-modality task utilized by Pezdek (1980b) presented a more rigorous test of the notion of semantic integration than the previous single-modality integration studies. In order for items to be integrated in memory in Pezdek's cross-modality task, a subject had to be able to recognize that two items presented nonconsecutively were related in their semantic content, despite one being a picture and the other a sentence. Thus, more cognitive mediation was necessary to integrate the meaning of a picture and a sentence than would be required with two items in the same modality. It might therefore have been expected that although young children and older adults can integrate in memory, cross-modality integration would require additional processing and thus additional time for the necessary degree of cognitive mediation.
The results of a number of studies suggest that the time required to encode and process information in memory decreases with age. Naus, Ornstein, and Aivano (1977) presented third-grade and sixth-grade subjects a list of words at a 5-or 10-sec presentation rate. They reported that third graders (although only the girls) used more active rehearsal strategies and showed improved recall at the longer presentation rate. Rate of presentation did not affect recall performance of the older subjects. Haith, Morrison, and Sheingold (1970) reported that with 5-year-old and college-age subjects, recognition accuracy for geometric forms improved with increasing exposure duration from 5 to 40 msecs. Further, the 5-year-old subjects required 5 to 10 msecs longer than the adults to reach their maximum performance levels. Liss and Haith (1970) reported that 5-year-olds took significantly longer than 10-year-olds and adults to scan a multistimulus display in search of a target (the older two groups did not differ from each other). Although there are major procedural differences between these studies and the present experiment (e.g., presentation time, retention interval, age of the subjects, etc.) the suggestion follows from this research that young children, and perhaps older adults as well, may require more time than older children and younger adults to process comparable amounts of information. In the absence of sufficient processing time, complex processes such as memory integration would not occur.
The present study tests the hypothesis that insufficient processing time can account for the absence of cross-modality integration reported by Pezdek (1980b) with 8-year-old children and older adults. The experimental procedure utilized in the previous study was employed with presentation time per item manipulated (8 or 15 sec). If the absence of evidence for cross-modality integration in the previous study can be accounted for by differences in the amount of processing time required by these subjects, then integration would be expected at the 15-sec presentation rate, but not at 8 sec.
Method

Subjects
Thirty-two third graders from several local public schools participated in the study. The older adults were 32 retired teachers who volunteered from a meeting of the San Bernardino chapter of the American Association of Retired Persons. These subjects ranged in age from 63 to 78 years (an exact mean age is not available as many of the elderly adults preferred not to give their age). Approximately equal numbers of males and fe-males participated in each condition within each age group, but sex of subject was not specifically controlled for.
Procedure
The procedure was the same as that utilized by Pezdek (1980b) with each slide presented for either 8 sec or IS sec in the presentation phase. Subjects viewed a sequence of slides including 24 original presentation items, followed by 24 intervening items, a fixed 2-minute delay, and then the test series of 24 slides. The delay test was included to insure that the recognition test assessed long-term memory. In the presentation phase, subjects were instructed to try to comprehend the meaning of each of the 48 items since this would be important in a later part of the experiment. Subjects were not informed that the sequence of 48 presentation slides included 24 original items and 24 intervening items. In the recognition test, slides were presented one at a time and subjects were asked to classify each as "old" or "new." An old slide was one that was exactly the same as one seen before.
Materials
The materials were those used by Pezdek (1980b) . These included verbal stimulus sets and pictorial stimulus sets. In each of the 12 verbal stimulus sets, the original item was a sentence, the corresponding intervening item was a picture (either a semantically relevant picture or a semantically irrelevant picture), and the test item was a sentence. The irrelevant intervening items in the study were constructed with the same procedure used to generate the relevant items, but were semantically irrelevant to the original presentation items. On half of the trials, the test sentence was the same as the originally presented sentence, and on half of the trials the test sentence was a changed version of the original. The changed version of the test sentence was constructed by incorporating into the original sentence an additional detail provided in the corresponding relevant intervening picture. An example of a verbal set is presented in Figure 1 . All sentences were constructed using a similar grammatical structure. The materials were piloted to insure that third graders could read and comprehend each sentence.
In the pictorial category the original items were pictures, each corresponding intervening item was either a relevant sentence or an irrelevant sentence, and the test items were pictures. On half of the trials the test picture was the same as the originally presented picture, and on half of the trials it was the changed version of the original picture. The changed test pictures were constructed by incorporating into the original picture the specific detail provided in the corresponding relevant intervening sentence. All pictures were simple line drawings in black and white. An example of a pictorial set is presented in Figure 1 .
Design
A diagramatic representation of the experimental design is presented in Table 1 . Each subject was presented with both pictorial and verbal materials, semantically relevant and irrelevant intervening items, and both changed and unchanged test items. The order of presentation was randomized to produce two order conditions. Half of the subjects in each condition were assigned to each presentation order. The between-subjects variables were age (third graders or older adults) and presentation rate (8 sec or IS sec per item). Sixteen third graders and 16 older adults were randomly assigned to each condition of presentation rate.
Results
The dependent variable of primary interest was the signal detection measure of d'. (See Banks, 1970 , for an explanation of signal detection theory.) The pattern of results that would evidence semantic integration is presented in Table 1 . If integration of the original items with the relevant intervening items occurred, then d' values would be lower in the relevant than in the irrelevant intervening item conditions. This prediction was tested with a priori comparisons of d' values in the conditions of relevant versus irrelevant intervening item, in the 8-sec and 15-sec presentation conditions, for each of the two age groups. These data are presented in Table 2 .
In the 15-sec presentation condition, third graders were significantly more sensitive when irrelevant items intervened (d' = 3.27) than when relevant items intervened (d' = 1.56), ((62) = 3.88, p < .01. For third graders in the 8-sec presentation condition, recognition sensitivity with irrelevant intervening items (d 1 = 2.36) did not significantly differ from that with relevant intervening items (</' = 2.01), t < l.Oi A similar pattern resulted with the a priori comparisons on the older adults' data. In the 15-sec presentation condition, d' scores were higher with irrelevant (d' = 2.26) than with relevant (d 1 = 1.52) intervening items, although this effect just missed significance, t(62) = 1.58, p < .06. For older subjects in the 8-sec presentation condition, d' scores did not significantly differ between irrelevant (d' = 1.74) and relevant (d 1 = 1.47) intervening items, t < 1.0. The hypothesis in the present study was thus confirmed for both age groups, with a significant effect for third graders and a marginally significant effect for older subjects. Subjects were more sensitive with irrelevant than with relevant intervening items in the 15-sec but not in the 8-sec presentation condition, supporting cross-modality integration only at the longer presentation rate. An overall analysis of variance was performed on the data and yielded a similar pattern of results to that reported by Pezdek (1980b) . For this reason, and because these results do not specifically relate to the hypothesis of interest in this study, the results of the analysis of variance are not included here.
Discussion
The results of the present study clarify cognitive processing differences that occur at different points in the life span. Specifically, these results suggest that although young children and older adults can integrate semantically related material presented in different modalities in memory, they require more processing time to do so than do older children and younger adults.
The results at the 8-sec presentation rate replicate results reported by Pezdek (1980b) . That is, for third graders and older adults recognition sensitivity did not differ between conditions in which irrelevant versus relevant items intervened. This pattern of results indicates that cross-modality semantic integration did not occur at the 8-sec presentation rate. However, at the 15-sec presentation rate, subjects were more sensitive in the irrelevant than in the relevant intervening item condition, with this result significant for the younger subjects and marginally significant for the older adults. Thus, when the presentation rate was increased to 15 sec per item, these subjects spontaneously integrated across modalities.
There is one aspect of the obtained results that would not have been predicted by the above model. Although the principal comparisons were between the relevant versus irrelevant intervening item conditions, an-other comparison can be observed in the data. With the older adults, increasing the exposure duration increased recognition sensitivity for irrelevant intervening items (d r = 1.74 to 2.26) but had no effect on recognition sensitivity for relevant intervening items (d 1 = 1.47 to 1.52). The interpretation offered for this absence of an effect is simply that the absolute level of recognition sensitivity by the older adults in the 8-sec condition was lower than for the third graders. Thus a floor effect was created in this condition as d' approached 1.
The interesting question that follows from this study is, what were subjects doing with the additional processing time in the 15-sec condition that resulted in memory integration? One possibility is that subjects were more effectively, or "more deeply" (cf. Craik & Lockhart, 1972) encoding individual items at the 15-sec rate. If this were true, it would be predicted that the overall "hit" rate and/ or d' rate would be greater in the 15-sec than in the 8-sec condition. However, the main effect of presentation rate was not significant Xall F's< 1.00) for third graders or older adults with either of these measures.
A more compelling explanation for the results is that with the additional processing time subjects were more likely to utilize more active rehearsal strategies. These more active rehearsal strategies would result not in subjects simply rehearsing individual items more effectively, but rather in subjects rehearsing several different items together. As a result, semantic relationships among items would more likely be realized and consequently semantic integration would occur. This interpretation is supported by results of Naus, Ornstein, and Aivano (1977) . In their study, third graders and sixth graders were presented a list of words at a 5-sec or 10-sec presentation rate. Overall, recall performance was greater for the sixth graders than for the third graders, and recall was not significantly better at the slower presentation rate for the older subjects. However, recall of the third graders (although only girls) was significantly greater at the 10-sec than at the 5-sec rate. Further analyses revealed a more interesting finding. An analysis of the number of different items that subjects rehearsed together in each rehearsal set indicated that third-grade girls were utilizing the additional processing time to more actively rehearse list items together, without specific instructions to do so. Thus, these subjects were not deficient in their awareness of effective mediational strategies but simply needed more time to implement these strategies than did older children. Extrapolating this finding to the present study, it would follow that if subjects utilized more active rehearsal strategies in the 15-sec than in the 8-sec condition and rehearsed more items together as each new item was presented, then semantic relatedness of relevant items would more likely be realized and integration of relevant items would occur.
In conclusion, third-grade subjects and older adults can spontaneously integrate se-mantically related pictures and sentences in memory, but they need more processing time to do so than do sixth graders or high school students as reported by Pezdek (1980b) . The favored interpretation of this result is that the increase in presentation rate allows sufficient time for subjects to actively process sets of items together. This rehearsal strategy results in significant integration of information in memory.
